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Introduction

This report describes the aerodynamic data acquired on the High Speed Research Rigid Semispan

Model (HSR-RSM) during NASA Langley Transonic Dynamics Tunnel (TDT) Test 520

conducted from 18 March to 4 April, 1996. The purpose of this test was to assess the

aerodynamic character of a rigid high speed civil transport wing. The wing was fitted with a

single trailing edge control surface which was both steadily deflected and oscillated during the

test to investigate the response of the aerodynamic data to steady and unsteady control motion.

Angle-of-attack and control surface deflection polars at subsonic, transonic and low-supersonic

Mach numbers were obtained in the tunnel's heavy gas configuration.

Unsteady pressure and steady loads data were acquired on the wing, while steady pressures were

measured on the fuselage. These data were reduced using a variety of methods, programs and

computer systems. The reduced data was ultimately compiled onto a CD-ROM volume which

was distributed to HSR industry team members in July, 1996. This report documents the methods

used to acquire and reduce the data, and provides an assessment of the quality, repeatability, and

overall character of the aerodynamic data measured during this test.

Model Description

Wing Model and Instrumentation

The HSR-RSM wing is a modified 1/12 scale model of the Boeing Reference HSCT

Configuration (Reference H). The HSR-RSM wing planform is shown in Figure 1 Modifications

to the basic Reference H configuration include removal of the inboard trailing edge extension, and

the scaling of the airfoil sections so that a constant 4% thick section is maintained over the entire

wing planform. The thickness scaling was performed so as to provide sufficient outboard wing

volume for the pressure, accelerometer and strain gauge instrumentation. The trailing edge flap

employed on the HSR-RSM is not designed to be representative of control systems to be used on

HSCT flight vehicles, but rather as a mechanical artifice for exciting the flowfield about the wing

for unsteady aerodynamic observations. A pair of flow-through nacelles were also fabricated to

determine the impact of these components on the aerodynamics of the wing. As shown in the

figure, the nacelles are attached to short pylons along the lower surface inboard trailing edge of

the wing.
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Figure 1. HSR Rigid Semispan Model Wing Planform.

The wing is primarily of carbon graphite composite and foam construction. It consists of five

major components, the main wing box, leading and trailing edge fairings, a wing tip cap and

instrumentation holder, and the trailing edge flap. The largest section of the wing, the wing box,

consists of a two-piece foam core bonded to carbon graphite external skins. The dashed lines in

Figure 1 represent seams between the main wing box and the removable leading edge, trailing

edge and wing tip sections. These fairings provide access to instrumentation in these areas and

also serve as routing paths for wiring and pressure reference tubes. Instrumentation is also routed

through conduit in the main wing foam core.

The chordwise dotted lines in Figure 1 represent the locations of the primary pressure

instrumentation on the wing. Pressure transducers are located at 10, 30, 60 and 95 percent span.

There are a total of 137 wing pressure transducers. As shown in the figure, the 10 and 30 percent

span locations contain pressure instrumentation only as far back as the leading edge of the flap.

The 60 and 95 percent span locations contain instrumentation all of the way to the wing trailing

edge. Table 1 lists the fractional chordwise location of each pressure transducer at these four span

stations. In addition to these 131 pressures there are six pressures located on the upper and lower

surfaces at 20 percent chord and 20, 45 and 75 percent span, shown by the solid circles in the

figure.

The wing is mounted on a five-component force balance located at the wing root. The balance

measures normal and axial loads along with pitch, yaw and roll moments. The fuselage is

mounted so that it does not transfer load to the balance, thus in the test configuration described in

this report, only wing loads are monitored by the balance.



Table 1. Wing surface pressure transducer locations

Upper Surface

10% Span 30% Span 60% Span 95% Span

Channel Channel
X/C X/C

Number Number

0.0

0.025

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

151

186

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

Channel
X/C

Number

0.0 111

0.025 145

0.05 112

0.10 113

0.15 114

0.20 115

0.25 116

0.30 117

0.35 118

0.40 119

0.45 120

0.50 121

0.55 122

0.60 123

0.65 124

0.70 125

0.75 126

0.80 127

Channel
X/C

Number

0.0 65

0.05 66

0.10 67

0.15 68

0.20 69

0.25 70

0.30 71

0.35 72

0.40 73

0.45 74

0.50 75

0.55 76

0.60 77

0.65 78

0.70 79

0.75 80

0.80 81

0.85 82

0.90 83

0.95 84

1.0 85

0.0

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

31

32

33

34

35

36

37

38

39

40



Table 1. Wing surface pressure transducer locations

Lower Surface

10% Span 30% Span 60% Span 95% Span

Channel Channel
X/C X/C

Number Number

0.025

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

187

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

Channel
X/C

Number

0.025 146

0.050 129

0.10 130

0.15 131

0.20 132

0.25 133

0.30 134

0.35 135

0.40 136

0.45 137

0.50 138

0.55 139

0.6 140

0.65 141

0.70 142

0.75 143

0.80 144

Channel
X/C

Number

0.05 86

0.10 87

0.15 88

0.20 89

0.25 90

0.30 91

0.35 92

0.40 93

0.45 94

0.50 95

0.55 96

0.60 97

0.65 98

0.70 99

0.75 100

0.80 101

0.85 102

0.90 103

0.95 104

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

42

43

44

45

46

47

48

49
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Fuselage Model and Instrumentation

A schematic of the HSR-RSM fuselage is shown in Figure 2. The fuselage serves primarily as a

fairing for the wing mounting hardware, instrumentation wiring, and pressure reference tubes. It

also serves as a spacer to displace the wing away from the wind tunnel wall and out of its

boundary layer. However, since it is in close proximity to the wing, it provides aerodynamic

interference which must be accounted for in theoretical models. Therefore, it is also equipped

with pressure measurement instrumentation. Steady pressure measurements are made at seven

stations along the fuselage. Pressure ports are spaced in the circumferential direction at each

constant fuselage station. In total, there are 119 ports on the fuselage surface. The location and

corresponding data channel number for each of these ports is presented in Table 2.
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Figure 2. Fuselage geometry and pressure port locations.
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Table 2. HSR-RSM fuselage pressure port locations

Fuselage Pressure Port Locations

0 measured from upper fuselage symmetry plane

X = 16 in. X = 36 in. X = 60 in. X = 102 in.

0 (o) Channel 0 (o) Channel 0 (o) Channel 0 (o) Channel

9.23 1 7.97 17 7.97 33 54.00 49

13.78 2 15.64 18 15.64 34 57.13 50

18.22 3 22.78 19 22.78 35 60.23 51

26.56 4 35.26 20 35.26 36 63.30 52

40.71 5 54.00 21 54.00 37 66.36 53

47.33 6 66.36 22 66.36 38 67.93 54

80.99 7 79.81 23 79.81 39 69.53 55

90.00 8 90.00 24 90.00 40 71.17 56

99.01 9 100.19 25 100.19 41 108.83 57

132.67 10 113.64 26 113.64 42 110.47 58

139.29 11 126.00 27 126.00 43 112.07 59

153.44 12 144.74 28 144.74 44 113.64 60

161.78 13 157.22 29 157.22 45 119.77 61

166.22 14 164.36 30 164.36 46 122.87 62

170.77 15 172.03 31 172.03 47 126.00 63



Table 2. HSR-RSM fuselage pressure port locations

Fuselage Pressure Port Locations

measured _om upper fuselage symmeWy plane

X = 132 in. (Upper) X =132 in. (Lower) X = 182 in. X = 204 in.

0 (o) Channel 0 (o) Channel 0 (o) Channel 0 (o) Channel

7.97 65 107.16 81 7.97 97 7.97 113

15.64 66 108.83 82 15.64 98 15.64 114

22.78 67 110.47 83 22.78 99 22.78 115

29.24 68 112.07 84 35.26 100 35.26 116

35.26 69 113.64 85 54.00 101 54.00 117

41.43 70 116.70 86 66.36 102 66.36 118

54.00 71 119.77 87 79.81 103 79.81 119

57.13 72 122.87 88 90.00 104 90.00 120

60.23 73 126.00 89 100.19 105 100.19 121

63.30 74 138.57 90 113.64 106 113.64 122

66.36 75 144.74 91 126.00 107 126.00 123

67.93 76 150.76 92 144.74 108 144.74 124

69.53 77 157.22 93 157.22 109 157.22 125

71.17 78 164.36 94 164.36 110 164.36 126

172.03 95 172.03 111 172.03 127

Test Conditions and Data Summary

The HSR-RSM was tested over a wide range of flight conditions. A series of angle-of-attack and

flap deflection polars were acquired for Mach numbers ranging from 0.7 to 1.15. The model

angle-of-attack was limited by the balance load limits and typically varied between -2 and 8

degrees. Flap deflections were limited to +/- 5 degrees. Freestream dynamic pressure was also

varied to assess its impact on the quality of the aerodynamic data obtained and to determine if any

aeroelastic effects could be observed during the testing of the model. Data at dynamic pressures of

100, 150, and 200 lbs./ft. 2 (psf) were acquired during this test.

A summary of the angle-of-attack and flap deflection polars is presented in Table 3. In this table,

the data are organized by configuration, dynamic pressure and Mach number. The run number,

range of tab points and comments are provided for each variation. The major configurations tested

were clean-wing and wing-with-nacelles, and clean-wing with slots open and closed. The slots

refer to the slots along the wind tunnel wall on which the wing is mounted. Covers were attached

to this wall to isolate it from the plenum chamber and assess the impact of these slots on the

aerodynamic data.



Table 3. HSR-RSM polar summary

TDT T520 Aerodynamic Data Run Log

No Nacelles, Slots Open, AOA Polars

Mach No. Dynamic Pressure Run Tab Nos.
(PSF) No.

0.80 100 4 240- 252

0.80 100 6 287-297

0.95 100 2 160-172

1.10 100 2 147- 158

0.98 150 4 263- 272

1.02 150 4 254- 262

1.10 150 4 229- 239

No Nacelles,

Mach No. Dynamic Pressure Run Tab Nos.
(PSF) No.

0.80 100 10 463- 479

0.95 100 10 408- 420

0.98 100 8 364- 376

1.02 100 8 350- 362

1.05 100 8 338- 349

0.70 150 20 805- 816

0.80 150 18 729- 742

0.85 150 18 708- 722

0.90 150 12 593- 604

0.90 150 17 685- 696

0.95 150 12 574- 585

0.97 150 12 563- 573

0.98 150 12 546- 556

0.99 150 12 535- 545

1.00 150 11 521- 531

1.02 150 11 504- 514

1.05 150 11 493- 502

1.10 150 10 446- 457

1.15 150 10 433- 444

1.15 150 17 673- 683

0.80 200 20 824- 836

0.90 200 19 787- 795

0.95 200 19 774- 781

0.98 200 19 760- 766

1.02 200 19 767- 772

1.10 200 13 610- 616

1.10 200 17 697- 704

Comments

Possible Contaminated Data

Possible Contaminated Data

Possible Contaminated Data

Possible Contaminated Data

Slots Closed, AOA Polars

Comments

T419 Bad

-0.13 ° AOA Correction Rqd.

-0.13 ° AOA Correction Rqd.

Repeat Run, _ Tares & -0.13 ° AOA
Correction Rqd.

T535 - Missing

T506 - Lost Weather-strip; T507 -
Missing

Repeat Run, _ Tares & -0.13 ° AOA

Correction Rqd.

Repeat Run, _ Tares & -0.13 ° AOA
Correction Rqd.



MachNo.

0.80
0.95
0.70
0.80
0.85
0.95
0.98
1.02
1.10
0.80
0.95
0.80
0.80

MachNo.

0.80
0.95
0.95
0.98
1.02
1.05
1.10
0.85
0.90
0.95
0.97
0.98
0.99

1.00

1.02
1.05
1.10
1.10
1.15
1.15
1.10

Table 3. HSR-RSM polar summary

TDT T520 Aerodynamic Data Run Log

No Nacelles, Slots Closed, Flap Polars

Dynamic Pressure Run Tab Nos.
(PSF) No.

100 10 479-483

100 10 421-428

150 20 816-822

150 18 742-747

150 18 722-727

150 12 585-591

150 12 556-562

150 11 514-520

150 10 457-462

200 20 836-841

200 19 781-785

100 10 487-489

150 18 749-754

Comments

-0.13 ° AOA Correction Rqd.

Flap Oscillation

Flap Osc., -0.13 ° AOA Correction Rqd.

Nacelles-on, Slots Closed, AOA Polars

Dynamic Pressure Run Tab Nos.
(PSF) No.

100 23 936-950

100 23 916-929

100 26 996-1009

100 22 900-911

100 22 886-898

100 22 874-885

100 22 863-873

150 29 1170-1181

150 29 1148-1158

150 28 1127- 1138

150 28 1116-1126

150 28 1102-1112

150 28 1091-1101

27 1075- 1083
150

28 1087-1090

150 27 1059-1073

150 27 1046-1058

150 24 970-974

150 27 1032-1040

150 23 956-965

150 26 1016-1025

200 29 1160-1168

Comments

Repeat

Tunnel Tripped Off-line

Flap Problems

Repeat



Table 3. HSR-RSM polar summary

TDT T520 Aerodynamic Data Run Log

Mach No.

0.80

Dynamic Pressure
(PSF)

100

0.95 100

0.95 100

0.85

0.95

150

150

0.98 150

1.10 150

Run

No.

23

23

26

29

28

28

27

Tab Nos. Comments

950-955

929-934

1009-1014 Repeat
1181-1185

1138-1143

1112-1115

1040-1044

LOADS DATA ACQUISITON AND REDUCTION

Five component aerodynamic loads data were acquired for each point at which pressure data were

obtained. Side force is the only load component not measured in this test. In virtually all cases,

balance limits defined the operating limits for the model. The balance limits and assumed

resolution for this test are shown in Table 4. In this table, the measurement resolution was

obtained by assuming the balance could resolve 1% of the component load limit. This absolute

load increment was then converted to coefficient form to provide a guideline for balance

resolution in terms of standard aerodynamic quantities. These resolutions are considered
conservative since measurements in the TDT verified that the balance was able to resolve less than

1% of its limit load in the normal, pitch and roll components.

Table 4. Balance load limits and assumed measurement resolution

Component Load Limit
Resolution

(o_ = 0 °, q = 100psf)

Normal Force 1500 lb. AC E = +/-0.00608

Axial Force 120 lb. AC D = +/-0.000487

Pitching Moment 6000 in.-lb. AC M = +/-0.000283

Rolling Moment 30,000 in.-lb. AC 1 = +/-0.00188

Yaw Moment 3000 in.-lb. AC n = +/-0.000188

The aerodynamic loads data presented in this report were reduced based on the diagram and refer-

ence areas and lengths presented in Figure 3. Since the planform for this model is a 1/12 scale ver-

sion of the Boeing Reference H concept, the reference areas and lengths used to assess the

aerodynamics of Reference H, appropriately scaled, were used for the present data reduction. The

balance is located very near 50% mean aerodynamic chord, so this location was used as the



streamwise moment center. The spanwise moment center is the TDT wall, and the vertical

moment center was chosen as the vertical location of the wing root leading edge. The equations

used to compute the aerodynamic moments are also presented in the figure. Note that a side force

coefficient is not included in the list since the balance did not measure this force component. Also,

the actual equations for the moment coefficients are considerably simpler than what is shown

since the side force component is zero and the streamwise location of the balance and the moment

center are the same.

Leading Edge (95.095, 6.49,19.583 Model)

M N Balance Center (60.0, 7.75, 0.0 CFD)

•_]_(177' 106, -7.0, 17.835 Model)

X, F A ] " jj ] (142.011, -5.74, -1.748 CFD)
.--./I

..................................................

.............. g'

} / //- All IVl_t (177.106, -1.26, 19.583 Model)

/ ,'"7  142011,00,00cFD)
]---k ........... / -/ e = 86.02 in.

/ // /_ b/2 = 64.82in.

/ [ _os_-FASinOO/(qSRe L)

--- -"] - - C M = (My + FA(ZBal. - ZMom. ) - Fz(XBal. - XMom.))/(qSRef._ )

C1 = (Mx + FN(YBaL - YMom.) - Fy(ZBaL - ZMom.))/(qSRef.b/2)

C n = (M N + Fy(XBal. - XMom. ) - FA(YBal. - YMom.))/(qSRef.b/2)

Figure 3. Reference diagram for calculation of HSR-RSM aerodynamic loads.

Before testing each configuration in the TDT, balance tares were acquired as the model angle-of-

attack was varied. After the test, these tares were found to be in error. Since these tares affected

only a very small portion of the data taken at each data point, the raw TDT data were not reduced

a second time to correct the error. Instead, corrected alpha tares were incorporated into the data

when they were post processed into the polar data presented in this report. The tares were added to

the raw TDT data as a linear correction with angle-of-attack. The tare corrections used in this

report are displayed in Table 5. Two sets of tares are presented here, one for the clean-wing and

the other for the wing-with-nacelles.

10



Table 5. Angle-of-attack tares used in force data reduction.

Angle-of-attack
Force Component Tare

Clean-wing

Normal 0.33 lb./deg.

Axial 5.33 lb./deg.

Pitch Moment 1.75 in.-lb./deg.

Roll Moment 5.10 in.-lb./deg.

Yaw Moment 66.99 in.-lb./deg.

Nacelles-on

Normal 0.26 lb./deg.

Axial 5.60 lb./deg.

Pitch Moment 2.0 in.-lb./deg.

Roll Moment 5.41 in.-lb./deg.

Yaw Moment 75.80 in.-lb./deg.

Aerodynamic polars with respect to angle-of-attack and flap deflection were processed post test

using the TDT channel statistics files generated for each tab point at which pressure data were

acquired. The post processing program reads a specified set of channel statistic files, sorts them by

increasing angle-of-attack or flap deflection, converts the balance data into aerodynamic

coefficients based on a specified set of reference data and prints out the data in tabular form. A

sample output from the force polar post processing program is shown in Figure 4. In addition to

tabulating the acquired data, the post processor also curve fits the lift drag and pitching moment

data using a least squares approximation. The equations used to fit the data are:

C L = CLo -t- CL IX

CM = CMc L o + CMcLCL

C 2
CD= CDmhl + k(C L -- LCDmhl)

(1)

The lift coefficient data are fit as a function of angle-of-attack or flap deflection depending on the

type of polar, and a linear approximation is used for this purpose. The coefficients CCo and CL_

are the computed lift at zero AOA or flap deflection and the lift curve slope, respectively. The

11



pitching moment is fit as a function of lift coefficient and again a linear approximation is utilized.

In this equation, CMcc: o and CMcc are the pitching moment at zero lift and the pitching moment

slope as a function of lift coefficient, respectively. The drag coefficient fit is computed as a

quadratic function of lift coefficient. The coefficient CDmin is the computed minimum drag, k is the

so-called drag due to c 2 , and Cc% is the lift coefficient at minimum drag. Each of these
nlin

coefficients is computed from the least squares fit and printed with the tabular data along with the

Root Mean Squared (RMS) error for each fit.

T520 HSR-RSM (Balance) Force Data, Run i0

M=0.8 RI2 Q=I00 RI0 T463-480

Mach 0.8007 Q 101.2 psf Re 1.880 million/ft.

****** Fit Data ******

CL0:-0.0510 dCL/dalpha: 0.0429 CL :

CM0:0.0095 dCM/dCL:-0.0585 CM :

CD0:0.0057 K: 0.3138 CLCD0:0.0094 CD :

CL0 + dCL/dalpha*alpha

CM0 + dCM/dCL*CL

CD0 + K*(CL-CLCD0)**2

****** Fit RMS Error ******

CLrms:0.00413 CMrms:0.00125 CDrms:0.00039

Alpha Delf CL CD CM C1 Cn Tab

-2

-i

-0

0

0

i

i

i

i

2

2

3

4

4

5

6

7

8

02

00

03

06

99

02

02

99

99

01

05

00

00

00

02

00

03

01

-0 01

-0 02

-0 02

-0 03

-0 02

-0 03

-0 03

-0 02

-0 02

-0 01

-0 04

-0 04

-0 01

-0 05

-0 05

-0 05

-0 05

-0 05

-0.1283

-0 0924

-0 0536

-0 0477

-0 0124

-0 0056

-0 0052

0 0279

0 0279

0 0288

0 0384

0 0792

0 1160

0 1220

0 1683

0 2100

0 2529

0 2938

0 0116

0 0084

0 0068

0 0066

0 0060

0 0062

0 0061

0 0061

0 0061

0 0061

0 0065

0 0074

0 0087

0 0093

0 0129

0 0179

0 0244

0 0317

0 0207

0 0135

0 0115

0 0108

0 0092

0 0088

0 0092

0 0077

0 0077

0 0078

0 0070

0 0055

0 0038

0 0033

0 0010

-0 0022

-0 0065

-0 0083

-0 0763

-0 0521

-0 0301
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Figure 4. Sample tabular output from force data post processing

program.
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Lift drag and pitching moment data from the post processing code are also written to a separate

file for plotting using the Tecplot TM graphics package. A sample force data plot is presented in

Figure 5. In this figure, the experimental data points are represented by the symbols, while the

curve fit data are shown by the solid line.

m_D----------

m_

m(>___
m_

TDT T520 HSR-RSM (Balance)

M=0.8 R12 Q=100 RI0 17463-480

M=0.95 R12 Q=100 RI0 T408-421

M=I.10 R12 Q=150 R10 T446-457

M=l.15 R12 Q=150 R10 T433-444

0.28

0.24

0.20

CL 0.16

0.12

_._g

0.04

0

0.0Z
0.32

0.28

0.24

0.20

0.16

CL0.12

0.08
0.04

0.00 ...........
I o

-0.04

-0,08

-0.12

-0.16

Figure 5.

H
//

y

008-0.12 \

ale v,

_Y

_J

ll_l_k 1,0 li0 110 2)0 2:0 2z 210 210 3t0 3:0 310 3,0 3_ 4

\¢_ C, ((ounts)

_L

Sample plot from force data post processing program.

Loads Data Analysis

The tabulated loads data have been written to CD-ROM and delivered to the airframe companies

along with hardcopies of the force data plots for each TDT run. Therefore, a complete listing of

the tabular data and plots will not be repeated in this report. However, we will assess the character

and quality of the force data by reviewing selected polars that illustrate the primary objectives of

the test. We will examine the impact of closing the sidewall slots on the aerodynamic data, the

variation of the data with Mach number and dynamic pressure, the effect of the nacelles, and the
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performance of the control surface as a function of Mach number.

Side Wall Slot Effects

A number of semispan tests, including earlier tests of the HSR-RSM, have been conducted with

all of the TDT wall slots open. These slots reduce shock reflections from the wall by allowing air

to pass freely from the test section to the plenum chamber surrounding the test section. However,

for semispan models this may not provide an appropriate symmetry plane boundary for the wall

on which the model is mounted (TDT east wall). Preliminary CFD analyses performed at NASA

Langley Research Center, McDonnell Douglas and Boeing indicated that the computed lift curve

slope is considerably larger than that obtained in earlier tests of the HSR-RSM with the TDT east

wall slots open. Literature also confirmed that the symmetry plane wall slots should be closed for

semispan testing. Data with the east wall slots open and closed were acquired during this test of
the HSR-RSM.

Figure 6 shows a comparison of the force data for the HSR-RSM wing without nacelles and with

the slots open and closed for a Mach number of 0.8 and a dynamic pressure of 100psf. It is clear

from the plot that closing the TDT east wall slots increases the lift curve slope. The tabulated data

indicate that the lift curve slope increases by 7.5% with the slots closed. According to this plot,

the pitching moment slope as a function of lift coefficient decreases, and the drag increases with

the slots closed. However, the comparison of the pitching moment slopes can be misleading since

both the slot-open and -closed data exhibit a significant degree of nonlinearity. The scatter in the

drag data also indicates that a second order curve is probably not a good fit for these data.

Figure 7 fits the same set of data with fourth order curves for the lift and pitching moment plots

and a sixth order curve for the drag. The RMS error for the lift curve is of the same order for this

figure as for the previous figure, but the error for the pitching moment and drag fits are an order of

magnitude smaller for the higher order fit of Figure 7. The improved nonlinear fit for the pitching

moment curve shows that the wall slots have very little impact on the pitching moment data for lift

coefficients between -0.06 and 0.18. Below and above these values, the slots have a significant

effect. Intuitively this makes sense since as the absolute value of the angle-of-attack of the model

is increased, the test section blockage increases, which will provide more opportunity for air to

flow through the wall slots. The drag polar indicates that closing the wall slots effectively rotates

the polar about a lift coefficient of 0.16. The drag due to lift also changes when the slots are
closed.

Note that these conclusions are drawn from data at only a single flight condition. Additional slot-

open data were acquired during the test, but much of these data are suspect, or do not match with

slot closed data. The fact that the comparison is made at a dynamic pressure of 100 psf is also

significant. It will be subsequently shown that the 100 psf dynamic pressure data do not behave as

consistently as the data at higher dynamic pressures. While this comparison provides us with a

gross feel for how the data behave as a function of whether the slots are open or closed, these

characteristics should not be generalized at this point. Further, more detailed, testing with the slots

open and closed should be performed before general conclusions can be drawn. The CFD data and

literature suggest that testing with the slots closed is the proper way to proceed, and all data

presented in the rest of this report is for the slots-closed configuration.
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Effect of Variation of Dynamic Pressure

Dynamic pressures of 100, 150 and 200 psf were run during this test to assess the aeroelastic

qualities of the model. The HSR-RSM was designed to be very stiff, and we did not expect

significant aeroelastic effects due to the deformation of the model itself. However, the mounting

system for the model is composed of several long slender components which may be susceptible

to deflection under aerodynamic load. Figure 8 presents the aerodynamic data for the wing

without nacelles configuration at 0.8 Mach number and dynamic pressures of 100, 150 and 200

psf. In this figure the lift and pitching moment curves show very little difference between the 150

and 200 psf data, but there is discernible difference in the 100 psf data. The computed lift curve

slope for the 150 and 200 psf cases compare to within 1%, but the lift curve slope for the 100 psf

case is 3% higher. The slope of the moment curve is 4% lower for the 100 psf case than for the
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200psf data.A similar trendis seenin thedragdatawith thedragsteadilydecreasingasdynamic
pressureis increased.Again,the incrementbetween150and200psf is noticeablysmallerthan
thedifferencebetween100and 150psf.Alsonotethatthequadraticfit for thedragpolaris much
betterfor the 150and200psf datathanfor the 100psf data.
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Aerodynamic data for various values of dynamic

pressure.

The slope differences and scatter in the 100 psf data lead us to be somewhat suspicious of these

data. Pure aeroelastic effects would result in a consistent change in the data as the dynamic

pressure is increased. But the 150 and 200 psf data agree reasonably well, while the 100 psf is

noticeably different. In addition, aeroelastic effects would not generate the scatter in the drag

polar seen for the 100 psf condition. There are a number of reasons why the 100 psf data might be

of lower quality than the higher dynamic pressure data. Of primary concern is the fact that the

aerodynamic loads at 100 psf are two-thirds of those at 150 psf and one-half those at 200 psf. The
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loads generated at 100 psf are low enough that the balance may be having problems resolving the

changes from one angle-of-attack to the next. This is definitely the indication of the scatter in the

drag data which is most sensitive to the resolution of the balance. The majority of data was taken

at 150 psf, and from the above comparison, it appears that this value is a reasonable trade-off

between data accuracy and model safety.

Loads Data as a Function of Mach Number

During TDT T520, the HSR-RSM was tested at Mach numbers ranging from 0.7 to 1.15. Figure 9

shows how the aerodynamic data vary with Mach number. The data plotted here range from Mach

0.8 to 1.15 at a dynamic pressure of 150 psf. Several well-known characteristics of aerodynamic

data as a function of Mach number can be seen in these figures. Subsonically, the lift curve slope

tends to increase with Mach number, eventually reaching a peak and falling back off

supersonically. The slope of the moment curve decreases with Mach number illustrating the

TDT T520 HSR-RSM (Balance)

m______

m_

toO___
m_

M=0.80 R12 Q=150 R18 T729-742

M=0.90 R12 Q=150 R12 T593-604

M=0.95 R12 Q=150 R12 T574-585

M=l.05 R12 Q=150 Rll T493-502

M=l.15 R12 Q=150 R10 T433-444

v.o_

0.28

0.24

0.20

CL
0.16

0.12

0.08

0.04

0 ....

0.32

0.28

0.24

0.20

0.16

CL 0.12

0.08

0.04

0.00
q 0

-0.04

-0.08

-0.12

-0.16

Figure 9.

i. ..............

15 -0 04 -0 _3 -0,12 -0 0_1v6.10 o_ 2 o, 13 o. 14 o.

G_ .0.04

_M
-0.08

-0.12

J J

JJ
J Jf_f

J J

Jf

_f

0 1,02,020 202,0303:03,0303,
\

\ _ C, (( our ts)

\

Aerodynamic data as a function of Mach number.

18



classicalcharacteristicof anaftmovingcenterof pressureasMachnumberincreases.Dragalso
steadilyincreaseswith Machnumber,reachesapeakandfallsbackoff supersonically.These
characteristicsaretypical of theaerodynamicbehaviorof wingswith increasingMachnumber.

Impact of Nacelles on Wing Aerodynamics

A pair of flow-through engine nacelles representative of those included on the Reference H

configuration were also tested during this wind tunnel entry. The impact of these nacelles on the

aerodynamics of the vehicle at Mach 0.95 are presented in Figure 10. The addition of the nacelles

shift the lift curve to the left, but it has a minimal impact on the slope of the curve. This is not

surprising since the slope of the lift curve is most impacted by the wing planform. Addition of the

engine nacelles effectively changes the camber distribution on the inboard portion of the wing

which translates into a shift in the model lift coefficient at zero angle-of-attack. The slope of the

pitching moment curve is increased with the addition of the nacelles, indicating that the nacelles
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reducethestaticstability of this configuration.As expectedthedragincreasessubstantiallywith
theadditionof thenacelles.Figure 11makesa similarcomparisonatM=I. 15.Thecorrelation
betweentheclean-wingandthenacelles-ondataatM=I. 15aresimilar to theM=0.95datain all
respects.
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There has been considerable interest in the ability of CFD codes to be able to compute the lift and

pitching moment curve slopes for this geometry as a function of Mach number. Consistently

extracting this type of information from the experimental data has proven to be a task fraught with

subtle problems. For instance, early wind tunnel data were fit with higher order curves, and the lift

and pitching moment slopes were assumed to be the first-order coefficients in these curve fits.

However, when these slopes were plotted as a function of Mach number, considerable scatter in

the data was observed. Reducing the fits to linear polynomials removed a great deal of the scatter.
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In addition, a great deal of data of varying quality have been taken on this configuration, and the

eagerness to use these data by experimental and analytical researchers alike has resulted in a wide

variation in so-called TDT experimental results for the HSR-RSM. In an effort to resolve this

problem and present a set of data for use as a starting point in CFD comparisons, we have

compiled what we believe to be the most consistent set of HSR-RSM TDT data for use in

correlating loads computed by analytical methods. We use a linear fit of the loads data at a

dynamic pressure of 150 psf. to generate plots of lift curve slope and pitching moment slope as a

function of Mach number. In addition, a drag coefficient versus Mach number plot at a constant

lift coefficient of 0.1 has also been developed using the drag polar fits. A plot of lift curve slope

for nacelles-on and nacelles-off as a function of Mach number is presented in Figure 12. In this

plot, the slopes have been fit using a cubic B-spline curve. The clean-wing lift curve slope steadily

increases with Mach number up to about Mach 0.97, then it falls back off. The lift data for the

nacelles-on configuration are not nearly as clean. Like the clean-wing data, we see an increase in

the lift curve slope primarily in the subsonic range and a decreasing trend in the supersonic range.

However, the data are somewhat scattered in the high transonic regime.
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Figure 12. HSR-RSM lift curve slope as a function of Mach

number.

The pitching moment curve slope as a function of Mach number is presented in Figure 13. Here

the correlation between the clean-wing and nacelles-on data is somewhat better. The two curves

cross at Mach 0.85, but beyond that point, they seem to maintain the same basic character. The

pitching moment slope is consistently lower for the clean-wing case as was illustrated earlier. The
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slope for both configurations steadily decreases as Mach number is increased, and they each have

a small plateau region as they pass through the transonic range. The pitching moment slope begins

to increase at M=I. 15 for both configurations.
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Figure 13. HSR-RSM pitching moment curve slope as a
function of Mach number.

Finally, The drag coefficient at a constant lift coefficient of 0.1 is plotted against Mach number in

Figure 14. Again, we see a very consistent behavior of the drag with Mach number for both the

clean-wing and the wing-with-nacelles. The sharp drag rise through the transonic region is clearly

displayed in this figure. The addition of the nacelles appear to have very little impact on the onset

of transonic drag rise for this configuration. Both configurations appear to enter transonic drag

rise at approximately 0.95 Mach number, and the drag peaks at about Mach 1.05. The addition of

the nacelles increases drag by about 30 counts in the subsonic speed range and about 35 - 40

counts at supersonic speeds.
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Figure 14. HSR-RSM drag coefficient at CL = 0.1 as a
function of Mach number.

Aerodynamic Response to Control Surface Deflection

Aerodynamic data were acquired as a function of flap deflection at constant angle-of-attack for

both the clean-wing and wing-with-nacelles configurations. Steady deflected flap and oscillating

flap data were taken at Mach numbers ranging from 0.8 to 1.10. The majority of data were

acquired at a dynamic pressure of 150 psf, but selected data were also taken at 100 and 200 psf.

Time history records for the oscillating flap cases are available in digital form, but only the steady

deflected flap data are discussed in this report.

Figure 15 shows the response of the HSR-RSM lift, pitching moment, and drag due to flap

deflection for a Mach number range of 0.85 to 1.10. This plot is very enlightening since it presents

an extremely wide variation in control surface effectiveness with Mach number. The lift curve

slope at Mach 1.10 is less than half that at Mach 0.95. This variation is very likely due to shock

interaction with the control surface in the transonic range. Examining the lift coefficient versus

angle-of-attack plot, an increase in the lift curve slope is observed between Mach 0.85 and 0.95,

but beyond Mach 0.95, the lift curve slope decreases dramatically. Looking back at Figure 14, we

see that transonic drag rise for this configuration occurs between Mach 0.95 and 1.05. It is in this

range that shocks form on the surface of the wing and steadily move aft with increasing Mach

number, eventually reaching the wing trailing edge at supersonic speeds. This supports the
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assumption that the loss in control effectiveness is due to shock interaction with the control

surface. The pitching moment data show similar trends with the slope steadily decreasing with

increasing Mach number.
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15. HSR-RSM clean-wing steady flap deflection data.

Finally, Figure 16 shows the steady flap deflection loads for the wing with the nacelles. The trends

observed in this plot are similar to those for the clean-wing data except for the drag polar. The

wing-with-nacelles data show a noticeable increase in the lift coefficient for minimum drag as

Mach number increases. However, one should probably use caution when interpreting these data

due to the limitation on flap deflections which could be performed with the nacelles on the wing.

Interference between the inboard nacelle and the flap precluded testing with positive flap

deflection angles. Therefore, these data, especially the drag, may be unduly biased by the fact that

only data due to negative flap deflection angles could be obtained.
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16. HSR-RSM wing-with-nacelles steady flap deflec-
tion data.

Pressure Data Acqisition and Reduction

Wing and fuselage pressure data were acquired for each polar presented in Table 3. For each tab

point unsteady pressure data were acquired and time averaged to obtain a mean pressure and

maximum and minimum pressure fluctuation for each point on the surface of the wing.

Simultaneously, steady fuselage pressures were obtained using a separate data system. Both the

wing and fuselage data were then processed into ASCII channel statistics files and stored for

future post processing. The wing pressure transducer calibrations were checked before each run

by applying a known constant pressure to the reference side of each transducer and recording the

pressure reading. Transducers were calibrated if the error between the actual and measured

pressure was greater than 3%. The fuselage pressure calibrations were found to be very stable.
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These transducers were simply calibrated on a periodic basis, typically immediately after the

initial warm-up run at the beginning of a day of testing. Prior to and following each run, a wind

off zero was taken and the pressure reading of each transducer was recorded. This allowed us to

monitor the health of each transducer over the period of the run and also provided guidance for

determining when the transducers might require calibration. The wind off zero before each run is

also used as a basis for reducing the raw pressure data that is included in the channel statistics file.

The channel statistics files for each tab point are tabulated and processed using a Microsoft

Excel TM macro. The wing pressure output from this macro for a single tab point is shown in

Figure 17. For each tab point, tunnel conditions are summarized, pressure data organized along

wing chords are tabulated, and the wing pressure coefficient as a function of percentage of local

wing chord is plotted. In addition, the wing pressure coefficient at 20% wing chord is plotted as a

function of wing semispan. The pressure differential between the upper and lower surface of the

wing is calculated for each chord and is also tabulated and plotted in this figure. Note that the

aerodynamic loads tabulated in these charts were normalized by different areas and reference

lengths than those reported elsewhere in this document. The aerodynamic loads printed by the

pressure-data macros should only be used for comparison with like-macro output.

Figure 18 is a similar output for the fuselage pressure data. Since the fuselage pressure

instrumentation measures steady pressure, only the mean pressure coefficient at each fuselage

station is tabulated. The fuselage pressure data are organized along constant fuselage cuts and are

tabulated and plotted as a function of the azimuthal angle measured from the TDT wall on the

upper surface of the fuselage to the TDT wall on the lower surface of the fuselage.

The output from both the wing and fuselage macros, as well as all of the channel statistics files for

each run and tab point taken during this test have been compiled into a CD-ROM volume. Copies

of this volume have been previously distributed to the HSR industry partners. As with the force

data, we will summarize important aspects of the pressure data, especially in light of some of the

findings from the force data, rather than provide an exhaustive listing of all of the wing and

fuselage pressure data.
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Run 10

Tab 408

q Re _/

Mach (psf) (10**6/ft)
0.951 102.9 1.66 1.138

Tunnel Conditions

H P T R-12

(psf) (psf) (deg F) Purity

329.3 199.8 82.9 0.95

Lift Pitching Drag Rolling Yawing

Force Moment Force Moment Moment

Coeff. Coeff. Coeff. Coeff. Coeff.

-0.0798 0.0899 0.0080 -0.0233 0.0006

TDT Test # 520 HSR RSM-Bal

Pressure Distribution Statistics

c_

(deg)
-2.00

Aileron Position (deg.)
Cmd. Pos.

Mean 0.00 -0.02

Amplitude 0.01 0.01

(1/2P-P)

Aileron Hinge Moment (in-lbs.)
Max. Min. Mean

36.20 -17.25 8.42

Acquired 28 MAR 96 at 10:14:06

Adjusted using wind-off zero Tab # 403

500 samples/second for 5 seconds

Samples 1 through 2500; 100.00% of 2500 samples

Upper surface 0.10 semispan

x/c Cp Mean Cp Min Cp Max Std Dev Chan

0,000 -0,02 -0,05 0,01 0,01 151
0,025 0,03 0,01 0,05 0,01 186
0,050 0,05 0,03 0,07 0,01 152

0,100 0,07 0,04 0,09 0,01 153
0,150 0,06 0,04 0,07 0,01 154
0,200 0,01 0,00 0,03 0,01 155
0,250 0,00 -0,02 0,02 0,01 156
0,300 -0,01 -0,03 0,01 0,01 157

0,350 0,01 -0,01 0,02 0,01 158
0,400 0,01 -0,01 0,03 0,01 159
0,450 0,02 0,00 0,04 0,01 160

0,500 0,00 -0,02 0,02 0,01 161
0,550 0,00 -0,02 0,02 0,01 162
0,600 0,01 0,00 0,03 0,01 163
0,650 -0,02 -0,04 0,00 0,01 164
0,700 -0,02 -0,04 0,00 0,01 165

0,750 -0,02 -0,04 0,01 0,01 166
0,800 0,00 -0,02 0,03 0,01 167
0,850 0,01 -0,02 0,03 0,01 168

xlc Up _er surface 0.30 semispancp Mean Cp Min Cp Max Std Dev Chan

0.000 0.00 -0.04 0.02 0.01 111
0.025 0.08 0.06 0.10 0.01 145
0.050 0.06 0.05 0.08 0.01 112
0.100 0.28 0.17 0.37 0.04 113

0.150 0.05 0.03 0.07 0.01 114
0.200 0.03 0.02 0.05 0.01 115

0.250 0.01 -0.01 0.04 0.01 116

0.300 0.01 -0.01 0.04 0.01 117

0.350 0.06 0.04 0.08 0.01 118
0.400 0.04 0.02 0.07 0.01 119

0.450 0.04 0.02 0.06 0.01 120
0.500 -0.02 -0.04 0.00 0.01 121
0.550 0.00 -0.02 0.03 0.01 122

0.600 -0.02 -0.05 0.01 0.01 123
0.650 -0.01 -0.04 0.02 0.01 124
0.700 0.01 -0.01 0.05 0.01 125
0.750 0.01 -0.01 0.05 0.01 126

0.800 0.00 -0.02 0.03 0.01 127

Lower surface 0.10 semispan

x/c ICp Mean Cp Min Cp Max

0.025 -0.09 -0.11 -0.06
0.050 -0.04 -0.08 -0.02

0.100 -0.03 -0.05 -0.01
0.150 0.00 -0.02 0.02
0.200 -0.02 -0.04 0.00
0.250 -0.03 -0.05 -0.01
0.300 0.73 0.71 0.75

0.350 -0.04 -0.06 -0.02
0.400 -0.05 -0.07 -0.03
0.450 -0.08 -0.10 -0.05

0.500 -0.09 -0.11 -0.06
0.550 0.01 0.01 0.01
0.600 -0.14 -0.16 -0.12
0.650 -0.21 -0.24 -0.18
0.700 -0.18 -0.21 -0.15

0.750 -0.21 -0.24 -0.18
0.800 -0.28 -0.31 -0.26
0.850 -0.34 -0.37 -0.30

Std Dev Chan Delta-Cp

0.01 187 -0.113
0.01 169 -0.094
0.01 170 -0.094

0.01 171 -0.057
0.01 172 -0.033
0.01 173 -0.028
0.01 174 0.738

0.01 175 -0.042
0.01 176 -0.065
0.01 177 -0.099

0.01 178 -0.085
0.01 179 0.011

0.01 180 -0.152
0.01 181 -0.190
0.01 182 -0.157

0.01 183 -0.192
0.01 184 -0.283
0.01 185 -0.348

Lower surface 0.30 semispan

x/c Icp Mean Cp Min Cp Max Std Dev Chan Delta-Cp

0.025 -0.34 -0.40 -0.30 0.02 146 -0.424
0.050 -0.23 -0.30 -0.16 0.02 129 -0.294
0.100 -0.11 -0.12 -0.11 0.00 130 - 0.397

0.150 -0.06 -0.09 -0.04 0.01 131 - 0.111
0.200 -0.08 -0.11 -0.06 0.01 132 - 0.118

0.250 -0.08 -0.11 -0.06 0.01 133 - 0.095

0.300 -0.10 -0.12 -0.07 0.01 134 - 0.110

0.350 -0.10 -0.12 -0.08 0.01 135 - 0.160

0.400 -0.14 -0.15 -0.12 0.01 136 - 0.178
0.450 -0.19 -0.21 -0.17 0.01 137 -0.230
0.500 -0.19 -0.22 -0.16 0.01 138 -0.163
0.550 -0.16 -0.19 -0.14 0.01 139 - 0.163

0.600 -0.19 -0.22 -0.17 0.01 140 -0.168
0.650 -0.24 -0.27 -0.21 0.01 141 -0.223
0.700 -0.32 -0.35 -0.30 0.01 142 -0.336
0.750 -0.45 -0.47 -0.44 0.01 143 -0.465

0.800 -0.48 -0.51 -0.45 0.01 144 -0.477

macro.Figure 17. Output from the wing pressure package
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Run 10

Tab 408

q Re _/

Mach (psf) (10**6/ft)
0.951 102.9 1.66 1.138

Tunnel Conditions

H P T R-12

(psf) (psf) (deg F) Purity
329.3 199.8 82.9 0.95

TDT Test # 520 HSR RSM-Bal

Pressure Distribution Statistics

0_

(deg)
-2.00

Aileron Position (deg.)
Cmd. Pos.

Mean 0.00 -0.02

Amplitude 0.01 0.01

(1/2 P-P)

Aileron Hinge Moment (in-lbs.)

Max. Min. Mean

36.20 -17.25 8.42

Lift Pitching Drag Rolling Yawing
Force Moment Force Moment Moment

Coeff. Coeff. Coeff. Coeff. Coeff.

-0.0798 0.0899 0.0080 -0.0233 0.0006

Upper surface 0.60 semispan
x/c Cp Mean Cp Min Cp Max Std Dev Chan

0,000 -0,54 -0,63 -0,43 0,03 65

0,050 0,28 0,26 0,30 0,01 66
0,100 0,15 0,13 0,17 0,01 67
0.150 0.11 0.09 0.14 0.01 68
0.200 0.08 0.06 0.11 0.01 69

0.250 0.07 0.05 0.10 0.01 70
0.300 0.04 0.02 0.08 0.01 71
0.350 0.01 -0.01 0.06 0.01 72
0.400 0.00 -0.02 0.05 0.01 73

0.450 -0.02 -0.05 0.04 0.01 74
0.500 -0.05 -0.07 0.02 0.01 75
0.550 -0.06 -0.09 0.01 0.01 76
0.600 -0.08 -0.11 -0.01 0.01 77

0.650 -0.10 -0.14 -0.02 0.02 78
0.700 -0.11 -0.16 -0.03 0.02 79
0.750 -0.08 -0.13 -0.01 0.02 80
0.800 -0.10 -0.17 -0.02 0.03 81

0.850 -0.08 -0.17 -0.02 0.02 82
0.900 -0.04 -0.09 0.01 0.02 83
0.950 0.05 0.01 0.09 0.01 84

1.000 0.17 0.14 0.21 0.01 85

Up _er Surface 0.95 Semispan
x/c cp Mean Cp Min Cp Max Std Dev Chan

0.000 -1.33 -1.38 -1.27 0.03 31
0.100 0.13 0.10 0.17 0.01 32

0.200 -0.02 -0.06 0.03 0.02 33
0.300 -0.09 -0.12 -0.04 0.02 34
0.400 -0.12 -0.17 -0.06 0.02 35
0.500 -0.14 -0.20 -0.06 0.03 36
0.600 -0.19 -0.26 -0.08 0.03 37

0.700 -0.23 -0.34 -0.08 0.07 38
0.800 -0.09 -0.23 -0.02 0.03 39
0.900 0.02 -0.04 0.07 0.02 40

Upper Surface 0.20 Chord
2y/b Cp Mean Cp Min Cp Max Std Dev Chan

0.100 0.01 0.00 0.03 0.01 155
0.200 0.02 0.00 0.04 0.01 147
0.300 0.03 0.02 0.05 0.01 115

0.450 0.06 0.05 0.08 0.01 105
0.600 0.08 0.06 0.11 0.01 69
0.750 0.02 0.00 0.06 0.01 62
0.950 -0.02 -0.06 0.03 0.02 33

Figure 17(Continued). Out

Acquired 28 MAR 96 at 10:14:06

Adjusted using wind-off zero Tab # 403

500 samples/second for 5 seconds

Samples 1 through 2500; 100.00% of 2500 samples

Lower surface 0.60 semispan

x/c cp Mean Cp Min Cp Max Std Dev Chan Delta-Cp

0.050 -0.74 -0.86 -0.62 0.04 86 - 1.013
0.100 -0.57 -0.66 -0.47 0.03 87 - 0.713
0.150 -0.30 -0.36 -0.21 0.02 88 - 0.417
0.200 -0.22 -0.27 -0.17 0.02 89 - 0.301

0.250 -0.23 -0.27 -0.18 0.01 90 - 0.297
0.300 -0.22 -0.25 -0.19 0.01 91 - 0.258
0.350 -0.26 -0.29 -0.23 0.01 92 - 0.267
0.400 -0.28 -0.30 -0.25 0.01 93 - 0.276

0.450 -0.30 -0.33 -0.28 0.01 94 - 0.280
0.500 -0.34 -0.37 -0.32 0.01 95 - 0.294
0.550 -0.37 -0.39 -0.34 0.01 96 - 0.306
0.600 -0.41 -0.43 -0.39 0.01 97 - 0.331

0.650 -0.45 -0.47 -0.43 0.01 98 - 0.346
0.700 -0.49 -0.51 -0.47 0.01 99 - 0.377
0.750 -0.49 -0.51 -0.47 0.01 100 - 0.406
0.800 -0.53 -0.55 -0.50 0.01 101 - 0.427

0.850 -0.33 -0.54 -0.10 0.09 102 - 0.248
0.900 0.01 -0.10 0.07 0.02 103 0.043
0.950 0.10 0.05 0.14 0.01 104 0.053

Lower Surface 0.95 Semispan
x/c cp Mean Cp Min Cp Max Std Dev Chan Delta-Cp

0.100 -0.77 -0.84 -0.73 0.02 42 - 0.902

0.200 -0.69 -0.71 -0.66 0.02 43 - 0.666
0.300 -0.58 -0.61 -0.54 0.01 44 - 0.490
0.400 -0.52 -0.56 -0.48 0.02 45 - 0.400
0.500 -0.47 -0.53 -0.36 0.03 46 - 0.329

0.600 -0.36 -0.48 -0.26 0.05 47 - 0.168
0.700 -0.22 -0.49 -0.11 0.06 48 0.015
0.800 -0.07 -0.19 -0.01 0.03 49 0.017

0.900 0.02 -0.04 0.06 0.02 50 - 0.007

Lower Surface 0.20 Chord

2y/b Cp Mean Cp Min Cp Max Std Dev Chan Delta-Cp
0.100 -0.02 -0.04 0.00 0.01 172 - 0.033
0.200 0.00 0.00 0.00 0.00 148 - 0.015
0.300 -0.08 -0.11 -0.06 0.01 132 - 0.118

0.450 -0.34 -0.38 -0.30 0.01 106 - 0.402
0.600 -0.22 -0.27 -0.17 0.02 89 - 0.301
0.750 -0.48 -0.55 -0.42 0.02 63 - 0.508
0.950 -0.69 -0.71 -0.66 0.02 43 - 0.666

_ut from the wing pressure package
macro.
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Run

Tab

Mach

0.951

10

408

q Re 7

(psf) (10**6/ft)

102.9 1.66 1.138

TDT Test # 520 HSR RSM-Bal

Pressure Distribution Statistics

o_

(deg)

-2.00

Lift Pitching Drag Rolling Yawing
Force Moment Force Moment Moment

Coeff. Coeff. Coeff. Coeff. Coeft.

-0.0798 0.0899 0.0080 -0.0233 0.0006

Aileron Position (deg.)
Crnd. Pos.

Mean 0.00 -0.02

Amplitude 0.01 0.01

(1/2 P-P)

Acquired 28 MAR 96 at 10:14:06

Adjusted using wind-off zero Tab # 403

500 samples/second for 5 seconds

Samples 1 through 2500; 100.00% of 2500 samples

C at 0.10 Semispan
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Figure 17(Continued). Output from the wing pressure package

macro.
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Run 10

Tab 408

TDT Test # 520 HSR RSM-Bal

Pressure Distribution Statistics

q Re 'y O_

Mach (psf) (10**6/ft) (deg)

0.951 102.9 1.66 1.138 -2.00

Lift Pitching Drag Rolling Yawing
Force Moment Force Moment Moment

Coeff. Coeff. Coeff. Coeff. Coeff.

-0.0798 0.0899 0.0080 -0.0233 0.0006

Aileron Position (deg.)
Crnd. Pos.

Mean 0.00 -0.02

Amplitude 0.01 0.01

(1/2 P-P)

Acquired 28 MAR 96 at 10:14:06

Adjusted using wind-off zero Tab # 403

500 samples/second for 5 seconds

Samples 1 through 2500; 100.00% of 2500 samples
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Figure 17(Continued). Output from the wing pressure package
macro.

1.0
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Run 10

Tab 408

TDT Test # 520 HSR RSM-Bal

Pressure Distribution Statistics

q Re 'y (36

Mach psi (10**6/ft) (deg)
0.951 102.9 1.66 1.138 -2.00

Lift Pitching Drag Rolling Yawing
Force Moment Force Moment Moment

Coeff. Coefl. Coeff. Coeff. Coeff.

-0.0798 0.0899 0.0080 -0.0233 0.0006

Cp at 0.2 Chord

•P ,P nIL= _ nF nILE

0
0

0

o--_ --_ -- n= []

[] [] []
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Aileron Position (deg.)

Crnd. Pos.

Mean 0.00 -0.02

Amplitude 0.01 0.01

(1/2 P-P)

Acquired 28 MAR 96 at 10:14:06

Adjusted using wind-off zero Tab # 403

500 samples/second for 5 seconds

Samples 1 through 2500 i 100.00% of 2500 samples
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Figure 17(Continued). Output from the wing pressure package

macro.
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Run

Tab

Mach

0.952

10

408

q (z

(psf) (deg)

102.90 -2.00

TDT Test #520 HSR RSM-Bal

Fuselage Pressures

Acquffed on Mar 28, 1996 at 10:14 AM

100 Sample Sets Acquffed at a Sample Rate of 20 Khz

Fuselage Stations

Theta Measm'ed fronl Upper Fuselage Symmetc¢ Plane

x 16" x 36" x 60"

Theta cp Mean Chan Them cp Mean Chan Theta cp Mean
9.23 -0.20 1 7.97 0.01 17 7.97 0.01

13.78 -0.22 2 15.64 0.01 18 15.64 0.01

18.22 -0.21 3 22.78 0.01 19 22.78 0.01

26.56 -0.24 4 35.26 0.01 20 35.26 0.01

40.71 -0.23 5 54.00 0.01 21 54.00 0.02

47.33 -0.33 6 66.36 0.01 22 66.36 0.05

80.99 -0.25 7 79.81 0.01 23 79.81 0.14

90.00 -0.25 8 90.00 0.01 24 90.00 0.34

99.01 -0.25 9 100.19 0.01 25 100.19 0.09

132.67 -0.32 10 113.64 0.01 26 113.64 0.03

139.29 -0.30 11 126.00 0.01 27 126.00 0.01

153.44 -0.29 12 144.74 0.01 28 144.74 0.00

161.78 -0.30 13 157.22 0.01 29 157.22 0.00

166.22 -0.30 14 164.36 0.01 30 164.36 0.00

170.77 -0.29 15 172.03 0.01 31 172.03 0.01

X 102"

Chan Theta CpMean Chan
/

33 54.00 -0.02 49

34 57.13 -0.02 50

35 60.23 -0.02 51

36 63.30 -0.02 52

37 66.36 -0.01 53

38 67.93 -0.01 54

39 69.53 -0.01 55

40 71.17 -0.02 56

41 108.83 -0.03 57

42 110.47 -0.04 58

43 112.07 -0.04 59

44 113.64 -0.04 60

45 119.77 -0.04 61

46 122.87 -0.04 62

47 126.00 -0.04 63

X 132"(Upper) X 132"(Lower) X 182"

Th_a CpMean Chan Them CpMean Chan Th_a CpMean
7.97 0.02 65 107.16 --0.16 81 7.97 0.01

15.64 0.02 66 108.83 --0.17 82 15.64 0.01

22.78 0.02 67 110.47 --0.18 83 22.78 0.01

29.24 0.02 68 112.07 --0.16 84 35.26 0.02

35.26 0.02 69 113.64 --0.16 85 54.00 0.03

41.43 0.02 70 116.70 --0.17 86 66.36 0.05

54.00 --0.01 71 119.77 --0.18 87 79.81 0.05

57.13 --0.01 72 122.87 --0.17 88 90.00 0.06

60.23 --0.01 73 126.00 --0.15 89 100.19 0.01

63.30 --0.02 74 138.57 --0.16 90 113.64 0.00

66.36 --0.02 75 144.74 --0.17 91 126.00 0.00

67.93 --0.02 76 150.76 --0.25 92 144.74 --0.03

69.53 --0.03 77 157.22 --0.15 93 157.22 --0.05

71.17 --0.04 78 164.36 --0.14 94 164.36 --0.05
172.03 --0.15 95 172.03 --0.06

Figure 18. Output from the fuselage

X 204"

Chan Tqcx_ CpMean Chan
97 7.97 --0.08 113

98 15.64 -0.08 114

99 22.78 -0.08 115

100 35.26 -0.09 116

101 54.00 -0.08 117

102 66.36 -0.08 118

103 79.81 -0.08 119

104 90.00 -0.09 120

105 100.19 -0.09 121

106 113.64 -0.09 122

107 126.00 -0.10 123

108 144.74 -0.09 124

109 157.22 -0.09 125

110 164.36 -0.11 126
111 172.03 -0.10 127

pressure package macro.
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Run

Tab

Mach

0.952

10
408

q

(psf)

102.90

(deg)

-2.00

TDT Test #520 HSR RSM-Bal

Fuselage Pressures

Acquired on Mm" 28, 1996 at 10:14 AM

100 Sample Sets Acqufl'ed at a Sample Rate of 20 Khz
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Figure 18(Continued). Output from the fuselage pressure

package macro.
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Effect of Wall Slots on Pressure Data

Returning to Figure 6 which compared loads data at Mach 0.8 with the TDT east wall slots open

and closed, we observed that the lift-curve slope is higher for the slots closed data than for the

data with the slots open. This result is further amplified by examining the pressure data presented

in Figure 19. Here the wing surface pressure data are plotted at the four constant span stations as a

function of the local chordwise location on the wing surface. These data represent the six degree

angle-of-attack load condition presented in Figure 6. Examination of the pressure data verifies

that the slots-closed configuration generates more lift at these conditions. The figure also shows

that the slots have the largest impact on the upper surface pressures. Somewhat counter-

intuitively, the effect of the slots is not localized to the inboard sections of the wing. Significant

differences in the pressures are observed as far spanwise as 60% semispan. At 95% span, the slots

seem to have minimal impact on the pressure distribution. It is interesting to note that previous

flow visualization using tufts indicate that a leading edge vortex is present on the outer wing

panel, and this vortex can be identified as the large suction region on the forward part of the airfoil

at the 60% span station. This portion of the flowfield appears to be especially affected by whether

the wind tunnel wall slots are open or closed. Based purely on these pressure-distribution data,

running with the slots open seems to significantly reduce the strength of the leading edge vortex.

Pressure Data as a Function of Dynamic Pressure

Figure 8 showed that the loads data at Mach 0.8 and a dynamic pressure of 100 psf are in

disagreement with the data at 150 and 200 psf. Examination of the pressure data at Mach 0.8, 5

degrees angle-of-attack and dynamic pressures of 100, 150 and 200 psf, shown in Figure 20,

provides valuable insight into what is happening at these conditions. Except for a few isolated

points on the inboard section, the pressure distributions at the three dynamic pressures compare

very favorably at 10, 30 and 60% span. However, at 95% span the pressure distribution at 100 psf

is drastically different from those at 150 and 200 psf. A number of issues pertaining to static

aeroelastic concerns can be quickly addressed using these data. First the overall consistency of the

data on the inboard sections of the wing leads one to conclude that the mounting system for the

wing is not deflecting significantly under aerodynamic load. Likewise, we can conclude that the

wing itself is not significantly deflecting under aerodynamic load since even the lower surface

pressures at 95% span are very consistent from one dynamic pressure to the next. If the difference

in the upper surface pressures were due to static aeroelastic effects, similar trends would also be

seen in the lower surface pressures. Absence of these differences indicate that static aeroelasticity

is likely not a concern with this model.

Given the above conclusions, the difference in the upper surface pressure at 95% span appears to

be a local anomaly in the flowfield. It is speculated that this difference may be a function of

transition, or possibly flow separation in the vicinity of the wing tip. Cross correlation with data at

other Mach numbers, and possibly flow-visualization data, might provide further insight into this

feature. Unfortunately, these studies are well beyond the scope of the present report.
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Figure 19. Comparison of wind tunnel wall slots open and closed pressure

data at M=0.8, o_=6.0 °.
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Figure 20. Comparison of pressure data as a function of dynamic pressure.
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Figure 20(Continued). Comparison of pressure data as a function of

dynamic pressure.

38



Comparison of Clean-Wing and Nacelles-On Pressure Data

Figure 21 compares the pressure distribution data at Mach 0.95 and 5 degrees angle-of-attack for

the clean-wing and nacelles-on configurations. These data correspond to the previously presented

loads data of Figure 10. Once again, we see trends in the pressure data which do not correlate with

conventional wisdom for this type of configuration change. At the inboard stations near the

nacelles, we see a moderate change in the pressure distribution on the aft portion of the wing. The

largest change in the pressures is on the lower surface, which is to be expected since this is where

the nacelles are mounted. What is somewhat unexpected is the significant impact that the nacelles

have on the outboard span station pressures. At 60% span, the nacelles impact virtually the entire

pressure distribution on the lower surface of the wing. They also have a significant effect on the

upper surface pressures from 40% chord aft. The nacelles are mounted at approximately 17% and

40% span, so it is expected that they will have some effect on the pressures at 60% span. However,

it is interesting to note the magnitude of the effect. At 95% span, the differences between the

pressure distributions for the two configurations seem to be further magnified. Again, the lower

surface of the wing is significantly affected, but the pressure distribution on virtually the entire

upper surface is also markedly different from that of the clean-wing configuration. As with the

dynamic pressure data, the clean-wing versus nacelle data require more analysis before

meaningful conclusions can be drawn. If the trends displayed in this report are indicative of the

data at other flight conditions, prediction of these trends will provide an interesting challenge for

computational methods.

Impact of Flap Deflection on Pressure Distribution

As a final analysis of the wing pressures, we will look at how Mach number affects the clean-wing

pressure distribution with the flaps deflected. Recalling the discussion of Figure 15, we noted the

significant variation of the lift due to flap deflection with Mach number. It was speculated that the

flap was interacting with a shock wave that resulted in reduced control surface effectiveness as

Mach number is increased. The pressure data of Figure 22 support this assertion. This figure

separately plots the upper and lower surface pressure distributions for each span station at 2

degrees angle-of-attack and 4 degrees flap deflection for 0.95, 0.98, and 1.10 Mach number.

Looking at the 10% and 30% span stations, it is difficult to see how the Mach number affects the

flow on the flap since there are no pressure orifices on the flap itself. Examination of the pressure

distributions ahead of the flap does not indicate any significant alteration of the flow as Mach

number is increased. At the 60% span station however, we see the formation of a shock at

approximately 90% chord on the upper surface which progressively travels aft as Mach number is

increased. It can be inferred from this pressure distribution that the flow on the inboard portion of

the wing behaves in a similar fashion. The lower surface pressures at 60% span provide further

reinforcement for this hypothesis.

This is one area where computational methods can be used in conjunction with the experimental

data to help fill in parts of the picture that are missing due to testing constraints, instrumentation

limitations, etc. Thus the value of these data go well beyond simple CFD code correlation. They

provide insight to strategies for combining experimental programs with computational methods to

understand complicated flow phenomena without the expense of a fully instrumented model.

Demonstration of such a capability would allow us to build confidence in CFD as a tool which can

be used in concert with experimental data to accurately predict and understand the physical

characteristics of the flow about complex vehicles. This is an especially important concept for
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Figure 21. Comparison of clean-wing and nacelles-on pressure data at

M=0.95, o_=5.0 °.
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Figure 21 (Continued). Comparison of clean-wing and nacelles-on

pressure data at M=0.95, _=5.0 °.
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Figure 22. Pressure distribution variation with Mach number for clean-
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Figure 22(Continued). Pressure distribution variation with Mach

number for clean-wing with deflected flap.
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unsteady testing since it is often very difficult to acquire accurate unsteady data in a quantity

sufficient for detailed aerodynamic and structural analysis.

CONCLUSION

Transonic Dynamics Tunnel Test 520 of the HSR Rigid Semispan Model has provided a large

quantity of high quality force and pressure data for use in correlation with computational fluid

dynamics methods. Data were collected for a wide range of model configurations and test

conditions, and the primary objectives of the test have been met. From a CFD code correlation

standpoint, detailed wing and fuselage pressure data were acquired which can be compared

directly with pressure distributions computed by CFD analyses. Loads data from a five component

force balance were acquired for each set of pressure distributions so that integrated CFD loads can

be compared with accurate experimental loads. The test setup was careful to isolate the wing

loads from the fuselage load so that the highly nonlinear flow about the fuselage/wind tunnel wall

combination would not complicate the process of comparing the experimental loads with the

more idealistic loads computed by CFD methods. Even with these precautions, one should be

careful to consider the influence of the wind tunnel walls and blockage when comparing these

data with analytical results. In particular, the build up of the boundary layer on the sidewall of the

tunnel should be examined and an assessment of its impact on the experimental data should be

formulated. Experiments with the TDT east wall slots open and closed show that the aerodynamic

data are sensitive to the conditions along this wall. Since the model was not tested with a splitter

plate, the boundary layer along this wall could have had a significant impact on the aerodynamic
data.

Each data point acquired in the TDT represents a unique set of flow conditions and configuration,

but the loads data were not reduced and organized into typical aerodynamic polar form during the

course of the test. This task was accomplished post test. The lift and moment curves were

approximated using a linear least squares fit, and the drag as a function of lift was fit using a

second order curve. Parameters such as lift curve slope, minimum drag, etc. can be extracted from

these curve fits. Higher order fits of the data were also investigated, but these fits produced less

consistent data when certain parameters such as lift curve slope were correlated against Mach

number. All of the loads data have been tabulated, plotted, written to a CD-ROM volume and

distributed to the HSR industry partners.

Unsteady wing pressure data and steady fuselage pressure data were acquired, reduced, written in

tabular form and plotted on-line during the test. The tabular pressure data and plots have also been
accumulated into a CD-ROM volume and distributed. The tabulated data were written in an

ASCII formatted channel statistics file which can be easily read and post processed. The steady

fuselage pressure data are organized into rows of pressures along constant fuselage sections,

while the wing pressures are organized into chordwise rows at four constant span stations. In

addition to time averaged wing pressures, unsteady pressure measurements were also made for

cases where the trailing edge control surface was oscillated. ASCII files of these time histories

have been included in the previously delivered data package.

In this report, the data were examined for its overall consistency and adherence to established

aerodynamic trends. The variation of the data with angle-of-attack and Mach number has been

shown to be reasonable. The lift data is linear with angle-of-attack at low to moderate lift

coefficients as are the pitching moment data. The drag is nearly quadratic with lift. Similar
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aerodynamiccharacteristicsareobservedwith control surfacedeflection.Thevariationof the
angle-of-attackpolardatawith Machnumberproducednomajorsurprises,but theflapdeflection
datashowawiderangeof control surfaceeffectivenesswith variationof Machnumber.
Speculationthatthis is aninteractionbetweenshockwavesandthecontrolsurfacewasshownto
besupportedby thewing pressuredata.Thevariationof thedatawith dynamicpressureshowed
nosignificantstaticaeroelasticissues,but a localizeddifferencein the100psf datanearthewing
tip warrantsfurtherinvestigation.Thoughrepeatabilitywasneverspecificallyevaluated,the
dynamicpressurecomparisonimplicitly addressesthis issue.Exceptfor the95%spanupper
surfacelocation,wherethereis anobviousflow anomalyin the 100psf data,thepressuredatafor
thethreedynamicpressuresareveryconsistent.Thesethreedynamicpressuresweretestedwith
severalrunsandtunnelentriesbetweencorrespondingpoints,andtheyexhibitoutstanding
repeatability.

Therewereonly two experimentconfigurationchangesperformedduringthis test.TheTDT east
wall slotsweretestedin anopenandclosedcondition,andthewing wastestedin aclean-wing
andnacelles-onconfiguration.Closingthewall slotswasshownto haveasignificantimpacton
theaerodynamicloads.Thepressuredistributionsfor theslots-openand-closeddatashowedthat
theuppersurfaceflow wasespeciallysensitiveto thestatusof theslotsat positivelift conditions.
It is speculated,buthasnot beenconfirmed,thatthe lower surfacepressureswouldbemore
sensitiveto slotconfigurationatnegativelift conditions.Theslotsaffectthewing pressuresto at
least60%span.Verifyingtheseresultscomputationallywill beverydifficult, andfurther testing
of semispanmodelswith theeastwall slotsopenandclosedshouldprobablybeperformedbefore
makinggeneralconclusionsabouttheir importance.

Theadditionof theflow-throughnacellesto theinboardtrailingedgeof thewing is shownto have
a significantimpacton theflow overtheentirewing. In thegeneralvicinity of thenacelles,the
changesto theflow appearto belocalizedin nature,with thepressuredistributionsaheadof the
nacellesshowingonly smallresponseto their presence.However,thepressuredistributionon the
outboardsectionsof thewing appearto beheavilyinfluencedby thenacelles.It will beinteresting
to seeif computationalmethodsproducethesesametrends.

Theanalysespresentedin thisreportwerechosensoasto illustrateandverify thequalityof the
dataacquiredduringthis test.In thecourseof thispresentationwehaveuncoveredsomethought-
provokingissueswith thedatathatdeservemoreattentionthanwhatcouldbeaffordedin this
cursoryexamination.Thesedatacanandshouldbeusedin conjunctionwith computational
methodsnot only to verify thecomputations,but alsoto gatherinsight into someof the
phenomenadescribedherein.Wefeel thatthedatatakenduring this testareof sufficientquality
andresolutionto beusefulto awiderangeof both steadyandunsteadycomputationalmethods
verificationstudies.In addition,thereis greatpotentialfor computationalmethodsto beusedto
assistin resolvingandprovidingphysicalinsightinto manyof thesomewhatpuzzling
aerodynamiccharacteristicsobservedduring this test.
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